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 SUMMARY 
  
 Analysis of UK data shows that the supply of construction services is 
influenced by prices, productivity, seasons, competitive intensity, and 
strikes, but not resource costs. 
  The lead periods and multiple correlations of several variables 
thought to influence construction supply were estimated by a least 
squares method.  Construction price, with a zero lead, unitary 
elasticity, and positive correlation, was found to have the greatest 
influence on supply.  Other variables were found to be generally 
inelastic.  Productivity, with a four quarter lead, was found to be 
positively correlated with supply.  Summer, spring and autumn seasons 
were also positively correlated with supply.  The number of construction 
firms, with a eight quarter lead, were positively correlated with supply, 
and strikes involving persons directly or indirectly connected with 
construction industry, with a three quarter lead, were negatively 
correlated with supply.  The price of factors of production, with a two 
quarter lead, had an expected negative relationship with construction 
supply but was not statistically significant. 
  The estimated models derived from the analysis were found to be 
dynamically stable. 
  
  
  
 Mots Cles: La provision des services de production, la productivite le 
prix, la varation saisonniere, la regression multiple, les variables 
majeures. 
  
  
 SOMMAIRE 
  
 L'analyse des informations obtenues aux Royaume Uni montre que le 
fournissement des services dans l'industrie de construction subit 
l'influence de prix, de production, des saisons, du nombre d'entreprises 
de construction et des greves industrielles mais il n'est pas influence 
par les couts de production. 
  
 Les facteurs decisifs et qu'on pense influences la provision des projets 
de construction etaient examines par la regression multiple.  La plus 
grande influence est le devis pour l'execution d'un projet.  Le niveau de 
productivite dans l'industrie un an auparavant et les saisons (printemps, 
ete, automne) se montrent importants.  Le nombre d'entreprises de 
construction qui existaient 2 ans auparavant et le nombre de greves qui 
avont lieu 9 mais apres l'etude sont aussi importants.  Les couts de 
production 6 mois auparavant ont un effet marginal. 
  
 Les formules mathematiques qui resultent de l'analyse sont stable. 
 INTRODUCTION 
  
 Supply relates to the amount of goods and services that producers are 
able and/or willing bring to the market and, according to classical 
economic theory, when traded against the demand for such goods and 
services, is a major determinant of the (market) price of the goods and 
services.  In terms of construction contract services, the relationship 
between supply and price seems to have attracted little interest among 
economists.  
  
 Skitmore's (1987), examination of market effects on construction prices 
considered the interaction of construction supply and demand, linking 
construction supply to intensity of competition, with supply treated 
basically as a function of the availability of people, property and money 
in the industry, and the organisation of resources. 
  
 At first sight, construction supply is synonymous with construction 
output.  A moments reflection, however, suggests that the two terms are 
quite different.  The volume of new orders relating to contracts obtained 
by or awarded to contractors for new construction is regularly published 
(HMSO,1988) and is tantamount to effective construction demand.  
Construction output, on the other hand, relates to the total work done by 
contractors which is a reflection of construction supply (??? AKIN - THIS 
SEEMS TO CONTRADICT WHAT YOU HAVE SAID ABOVE).  In essence, new orders 
lead to construction output spread over a period of time (Butler,1978). 
  
 The Department of the Environment (DoE) is the UK body responsible for 
compilation of information on construction new orders and output from 
building and civil engineering firms in quarterly enquiries, and also 
information on construction work carried out by public authorities.  The 
National Economic Development Office (NEDO - Forecasts) carries out 
annual forecasts (PUBLICATION??) of the figures. 
  
 The need to identify the factors determining construction supply is an 
important issue in economic analysis and for construction contractors.  
Classical economics has established in principle the importance of the 
supply function, in conjunction with demand function, in determining 
equilibrium price and quantity.  Knowledge of construction price levels 
is important to construction contractors as this determines their bid 
levels, rate of contract acquisition, and workload.  If construction 
supply levels affect construction price levels, in line with classical 
economic theory, then a study of the determinants of supply and its 
relationship with price is likely to be fruitful activity. 
  
 This paper reports the results of a study of UK construction supply - 
influencing factors and causal relationships - based on quarterly data 
for period 1974 to 1988.  An econometric model is identified which 
reveals the close relationship between supply and construction price, 
productivity, intensity of competition, work stoppages and seasonal 
factors.  Some post estimation forecasting performance levels of the 
model are presented. 
  
  
 LEADING INDICATORS OF CONSTRUCTION SUPPLY 
  
 Some leading indicators of construction supply have been identified which 
are expressed in functional form as follows: 
  
     Xs = f(P,Pr,Cp,ST,Fr,Di)   
    Where   Xs = Construction supply 
            P  = Price level of construction 
            Pr = Productivity level 
            Cp = Construction input cost level 
            ST = Work stoppages (strikes) 
            Fr = Number of registered construction firms  
            Di = Seasonal sectors   
 Classical economics relates the quantity of goods or services produced to 
the price, prices of other commodities, the prices of factors of 
production, the state of technology, and the objectives of firm.  The 
systematic relationship between price and quantity supplied (all other 
factors remaining constant) is a usual economic analysis.  One problem 
with this approach is that a minimum requirement is that of perfect 
competition.  It is known that the operation of construction industry is 
far from perfect because of the unusual characteristics of the industry 
(Hillebrandt, 1985). 
  
 The truly pivotal factor in construction may be that, as revealed in 
Ganesan's (1979) study, the supply of construction work is influenced by 
efficiency of firms, profit motive, shortages and prices of factors of 
production. 
  
 Intuitively, we certainly expect construction supply to respond to rather 
more than price.  In terms of leading indicators, we hypothesise the 
existence three main causal factors - price, input costs and production 
capacity - as follows: 
  
 Price of construction 
  
 Trends in construction price levels are represented by a Tender Price 
Index (BCIS, 1989) which reflects average changes in 'desized' accepted 
tenders for new works.  Conventional theory suggests that real increases 
in the index makes construction work becomes more profitable thus 
encouraging firms to increase output. 
  
 Input costs 
  
 Individual construction firms have little influence upon the cost of 
factors of production.  However when all firms in a competitive industry 
like construction simultaneously increase or decrease their aggregate 
output, in response to the input price level, their aggregate effect is 
often to change the prices of input (???AKIN _ WHAT DOES THIS MEAN??).  
The effect of input costs on output is expected to be negative, as under 
increasing input costs, there is a dis-incentive to increase output as 
construction work becomes less profitable. 
  
 Production Capacity 
  
 Production capacity is what a firm is capable of producing.  At the 
aggregate level this amounts to the capacity available to the industry.  
This is influenced by, among other things, productivity, technology 
available, weather, number of firms in the industry and their size, and 
work stoppages. 
  
 Available technology and weather conditions influence productivity.  
Increased productivity should lead to increased output.  Bowlby and 
Schriver (1986) attributed changes in construction output to two general 
causation classes, (1) changes in the mix of types of construction output 
which have different unit costs, and (2) changes in total factor 
productivity.  Seasonal variations in weather conditions are also 
expected to influence output. 
  
 The number and size of firms in the industry contribute to the capacity 
in the industry.  Economics of scale suggest that fewer, larger firms 
will have a greater aggregate output than more, smaller firms.  On the 
other hand, the construction process is often suspected to contain 
diseconomies of scale, in which case the converse should be found. 
  
 Strikes relate to stoppage of work due to industrial disputes connected 
with terms and conditions of employment.  Increases in the total number 
of strikes, therefore, is expected to have a decreasing effect on supply. 
  
  
 THE CONSTRUCTION SUPPLY FUNCTION 
  
 The supply of construction services is specified above as a function of 
price, input cost, number of firms, strike action, productivity and 
seasonal variation. In linear form this is: 
  
 Xs*t = a0 + a1Pt +a2PRt + a3Cpt + a4STt + a5Frt + a6D1 + a7D2 + a8D3 (1)   
     Where Xs* = Desired level of construction supply 
           t = time lead (quarterly)  
  
 The variables are expressed in real terms to reduce the possible 
dominating effect of general inflationary trends.  Using ordinary least 
squares (OLS) regression analysis, the regression coefficients (a0, 
a1...a8) are computed.  Goodness of fit between the actual and the predicted is indicated by the value of R2 adjusted for auto-correlation.  
In common with most econometric regression analyses, a log linear model 
is specified as it yields direct estimates of elasticity.  
  
 Two features are obvious from the above structural form of equation: 
  
  1.a flexible lag period between the dependent and independent 
variables, hence the need to estimate values of t for each 
independent variable. 
  2.a relatively simple dynamic relationship may exist in the dependent 
variable.  Hence, the need for a partial adjustment of the 
model to capture the dynamic properties of the system.  To 
this effect equation (1) without the seasonal dummies was re-
specified to include an additional lagged variable as 
follows: 
  
     Xst - Xst-1 = φ(Xs*t - Xst-1) + U        Partial Adjustment (2)   
  
 From equation (1) (without seasonal dummies), and equation (2) 
  
     Xst = φa + φa1Pt-b1 + φa2Prt-b2 + φa3Cpt-b3 + φa4STt-b4 +    
                   φa5Frt-b5 + (1-φ)Xst-1 + U (3)    
  
 METHODOLOGY 
  
 The method of analysis, based on OLS multiple regression, anticipates 
lead relationships between the dependent and independent variables.  To 
estimate the lead values, t, for each variable, a computer program (after 
Akintoye and Skitmore, 1990) was written with each of the five 
independent lead variables (P, Pr, Cp, ST, Fr) having an integer range of 0 
to 8 lead periods. 
  
 The program aims to find the best lead periods for the independent 
variables by taking all possible combination of leads in the range.  A 
total of 9v regression models is produced in a complete run of the program 
(v = number of independent variables with an integer range of 0 to 8 lead 
periods).  In this case, with 5 independent variables, 59049 separate 
regression models were examined in a complete run of the program. 
  
 The best model is the one that meets all the following conditions: 
  
  a.minimizes the mean square error term 
  b.maximizes the number of cases or sets of observations on which the 
regression is based 
  c.consistently produces a lead period for each variable in relation to 
the other 'nearly best' models.  
  
  
 ESTIMATION RESULTS AND INTERPRETATION 
  
 The structural forms of equations for UK construction supply are provided 
in Tables 1 and 2 using quarterly data from the first quarter of 1974 to 
the fourth quarter of 1988.  The forecast performance of the estimated 
equations are tested for the first quarter 1989 to the first quarter 
1990.  The tables give the estimates of coefficients, the elasticities 
coefficients and the statistic (AKIN - IS THIS SENTENCE COMPLETE?) and 
the lead relationships of the explanatory variables. 
  
 Table 1 provides the resulting model of construction supply based on 
equation (1) with the seasonal dummy variables.  The equation fits the 
data well with the expected signs for all the variables and an adjusted R2 
of 0.89.  All the explanatory variables have significant t-values.  
However, the Durbin-Watson (DW) of 1.35 shows an element of positive 
auto-correlation in the explanatory variables (AKIN - CAN YOU EXPLAIN 
THIS?). 
  
 The price of construction has the largest effect on the construction 
supply as shown by the t-value (AKIN - NO, YOU MUST USE THE REGRESSION 
BETA COEFFICIENT TO JUDGE WHICH VARIABLE HAS THE MOST IMPORTANT EFFECT, 
NOT THE T-VALUE).  The lag period (t=0) suggests that contractors change 
prices in response the supply changes (or vice versa) within one quarter 
of the event.  This is not unlikely as contractors may make rational 
expectation forecasts based on statistical economic indicators, the 
feeling of economic movements and forecasts of construction price.  Firms 
in construction industry that expect price changes in the near future may 
well prepare for this, so that the time lag between construction output 
and price becomes insignificant. 
  
 (AKIN - YOU SHOULD DISCUSS THESE IN DESCENDING ORDER OF BETA VALUES - I 
THINK (HOPE) THAT PRODUCTIVITY WILL BE NEXT) 
  
 The t- (BETA?) value and the elasticity of construction input costs are 
relatively low which suggests that contractors consider this to a lesser 
extent in the decision as to what construction supply to provide.  Two 
explanations could be offered for this low sensitivity to input costs: 
(a) profit margins may be reduced to offset changes in input costs, or 
(b) the contract provisions allow some compensation for escalation in 
input costs. 
  
 The regression coefficient for work stoppages (strikes) being negative 
implies a negative effect on supply function, with a three quarter lead 
on construction supply. 
  
 Seasonal dummy variables are positively correlated with construction 
supply with summer having a particulary marked effect (t- USE BETA VALUE 
value = 5.25). 
  
 Equation (1), without the seasonal dummies, was re-estimated over the 
full data period.  The results of this analysis shown in Model 2 indicate 
that this restricted version of Model 1 fails to explain a significant 
amount of variation in the construction supply function.  However, the 
resulting elasticities suggest that some of the independent variables are 
influenced by the seasonal periods of the year, probably causing some 
positive correlations in Model 1.  The higher DW statistic of 1.67 
indicates, by Stewart's (1984) criteria, a lack of auto-correlation.  The 
adjusted R2 is 0.83 and the coefficient signs are consistent with Model 1. 
  
  
 Model 3 represents the dynamic model of construction supply function in 
equation (2) (CHECK THIS).  The coefficient of adjustment was estimated 
as 0.711 (adjusted R2=0.50, RMSE=0.036).  Using the partial adjustment 
hypothesis shown in equation (3), the dynamic relationships of the 
construction supply is calculated.  The model shows the adjusted 
coefficient of Model 2 based on the adjustment factor. (I DO NOT 
UNDERSTAND THIS PARAGRAPH, CAN YOU GIVE SOME MORE EXPLANATION?) 
  
 To establish the validity of the dynamic modelling of construction supply 
function, estimation of the dynamic equation using the sixty quarter 
time-series data was undertaken with the additional lagged explanatory 
variable (construction output was lagged by one period). The coefficients 
and statistics of this dynamic form equation is shown in Model 4.  Models 
3 and 4 do not reveal any pronounced differences in regression 
coefficients except those for input cost and the constant term.  For 
Model 4, the two coefficients have insignificant t-values.  Also, there 
was absence of auto-correlation (DW=2.13) in Model 4, and an adjusted R2 
of 0.85.  These comparative results of Models 3 and 4 tend to suggest a 
dynamically stability of the construction supply function. 
  
 The post estimation forecasting performance of the models were assessed 
over the periods 1989 (first quarter) to 1990 (first quarter).  Models 3 
and 4 with forecasting error range of -1.47% to -3.11% are superior in 
terms of forecasting performance than Models 1 and 2 with forecasting 
error range of -3.18% to -%.36% (CHECK THIS ONE).  These results tend to 
support the importance of the partial adjustment to account for the 
dynamic considerations in the construction supply function. 
  
  
 CONCLUSION 
  
 Using quarterly data we have modelled the supply function for the UK 
construction industry.  The results are consistent with established 
economic theory.  Adjusted R2 values of between 0.83 to 0.89 for the 
models examined are particularly encouraging for deflated data of these 
kind.  The results also show the dynamic relationships involved in the 
variables.   
  
 Our interpretation of these results is that: 
       
  1.construction supply and price, with unitary elasticity, have the 
strongest and virtually instantaneous positive correlation of all 
the variables under study. 
  
  2.increased productivity leads to an increased construction supply. 
  
  3.input costs have little influence on construction supply.  This 
suggests that contractors' output decisions have little sensitivity 
to the price of factors of production possibly because as its 
escalation is contractually reimbursed. 
  
  4.strikes resulting in work stoppages have a negative influence on 
construction output up to three quarters ahead. 
  
  5.though spring through autumn seasons all have a positive 
relationship, the summer season is particularly responsible for 
higher construction supply. 
  
  6.the increasing number of firms participating in the activities of 
construction industry leads to increased construction supply.  
  
 These findings may be useful to construction contractors in assessing 
their future construction supply in relation to these macro-economic 
factors and this can also assist in determining to what extent these 
affect tender price.  At the industry level, it may be useful in 
analyzing the implication of changes in the UK construction supply in 
relation to changes in the variables. (I DO NOT UNDERSTAND THIS LAST 
SENTENCE) 
  
 SOME FURTHER COMMENTS NEED ON THE RELEVANCE OF PRODUCTIVITY ON MACRO 
FACTORS (c CONFERENCE THEME). 
  
   DATA APPENDIX 
  
 Xs Quarterly construction output.  This is a measure of construction 
supply. Source: HMSO 1974-1989 "Value at current prices of 
construction output" Housing and construction statistics, December, 
Part 2. 
  
 Fr Number of registered Private Contractors.  Source: HMSO 1974-1989 
"Private contractors-Number of firms" Housing and Construction 
Statistics, Annual supplement, December. 
  
 P Quarterly Tender Price Index.  This measures the trends of 
contractors' pricing level in accepted tenders for new works.  Source: 
Building Cost Information Service (BCIS), 1990 "Indices -introduction" 
Building cost information service manual. Section ABb6, June. 
  
 Cp Quarterly Building Cost Index. This measures changes in costs of 
labour, material and plant.  Source: Building Cost Information 
Service, (1990) "Indices" Section ABb6, June. 
  
 ST This is the working days lost by workers both directly or indirectly 
involved in operation of construction industry due to industrial 
disputes.  Source: UK Employment Gazette, (1974-1989) "Industrial 
disputes", December 
  
 Pr Output per person employed in the construction industry has been used 
to capture the trend in the productivity level, as other means of 
measuring the movements in construction productivity is simply 
unavailable.  Butler (1978), for example, used a measure of gross 
output per person as the best way of adjusting labour cost index for 
variations in productivity from quarter to quarter.  Source: UK 
Employment Gazette, (1974-1989) "Employment - Indices of output, 
employment and output per person", October 
  
 Dj Dummy variables equal to 1 in the relevant quarter, zero otherwise (D1 
= Spring, D2 = Summer, D3 = Autumn).    
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 Table 1 Models of UK construction supply 
    
   -------------------------------------------------------------------------
----- 
 MODEL 1                       MODEL 2  
   Variables           ---------------------------   -----------------------
----- 
 Lead(t) Coeff.  t-value  Elasticy  Coeff. t-valueElasticy 
   -------------------------------------------------------------------------
----- 
 CONSTANT  3.488    2.66   3.132   2.04 
   P 0 0.834    9.95    0.97   0.801   7.74   0.93 
   Pr 4  0.665    5.05    0.36   0.752   4.66   0.41  
   Cp 2 -0.582   -1.98   -0.13  -0.546  -1.62  -0.12* 
   ST 3 -0.018   -3.88   -0.26  -0.023  -4.05  -0.33 
   Fr 8  1.59E-06    4.80    0.57   1.36E-06   3.37   
0.49 
   D1 0  0.029    2.32    D2 0  0.067    5.25    D3 0  0.030    2.26    -------------------------------------------------------------------------
----- 
   Statistics 
   R 0.95   0.92 
   R2 Adj.  0.89  0.83 
   RMSE  0.032   0.039 
   DW  1.35  1.67 
   DF  8,43  5,46 
   -------------------------------------------------------------------------
----- 
    
           * Insignificant t-value 
    
    
    
   Table 2  Models of Dynamic construction supply function 
    
   -------------------------------------------------------------------------
----- 
                       MODEL 3                       MODEL 4  
   Variables           ---------------------------   -----------------------
----- 
               Lead(t) Coeff.  t-value  Elasticity   Coeff.   t-value  
Elasticity 
   -------------------------------------------------------------------------
----- 
    CONSTANT           2.227                          1.309*    0.84 
      P         0      0.569                          0.494     3.46     
0.57 
      Pr        4      0.535                          0.627     4.01     0.34  
      Cp        2     -0.388                         -0.287*   -0.88    -0.06 
      ST        3     -0.016                         -0.021    -3.85    -0.29 
      Fr        8      9.64E-07                       6.83E-07  1.54     0.25 
      Xs-1      0      0.289                          0.338     2.84     0.32    -------------------------------------------------------------------------
----- 
   Statistics 
      R                AKIN - THESE STATS             0.93 
      R2 Adj.          SEEM TO BE                     0.85 
      RMSE             MISSING                        0.037 
      DW                                              2.13 
      DF                                              6,45 
   -------------------------------------------------------------------------
----- 
    
           * Insignificant t-value 
